The hepatopancreatic parvo-like virus (HPV) ofpenaeid shrimp was extracted from infected shrimp tissues, purified and subsequently characterized. The viral particles, icosahedral in shape, are 22 nm in diameter and possess a buoyant density of 1.41 g/ml. They contain ssDNA, of approximately 5 kb in size which encodes a single polypeptide of 54 kDa. On the basis of its general characteristics this pathogenic agent belongs to the Parvoviridae family, but because of two unusual characteristics (capsid protein formed with a single polypeptide and genome structure more closely related to the autonomous parvoviruses rather than the densoviruses), it seems to constitute a novel group in the Parvoviridae family.
Introduction
Hepatopancreatic parvo-like virus (HPV) disease was first reported in postlarvae of the penaeid shrimp Penaeus chinensis (= P. orientalis) originating from Qingdao (People's Republic of China), (Lightner & Redman, 1985) ; the authors described a similar disease in juveniles of P. merguiensis from Singapore, P. semisulcatus from Kuwait and P. monodon from the Philippines. Its natural host range includes an ever increasing number of cultured or captive shrimp species (four species in 1985 and ten species in 1994) and its geographical distribution includes the Indo-Pacific area (People's Republic of China, Taiwan, Korea, Philippines, Malaysia, Singapore, Australia, Indonesia and Thailand), Africa (Kenya), Middle East (Israel and Kuwait) and the Americas (Hawaii, Ecuador, Mexico and Brazil) Lightner, 1993) .
Although previously recognized as being closely related to the Parvoviridae family on the basis of histological and cytological characteristics (Lightner & Redman, 1985; Bonami & Lightner, 1991) , the virus had never been isolated and characterized. According to cyto-histological data, this agent was considered as a second parvovirus from penaeid shrimps, the first one being the infectious hypodermal and haematopoietic necrosis virus (IHHNV) discovered by Lightner et al. (1983) al., 1990; Mari et al., 1993) . These two viruses, although structurally similar, infect different target tissues: hepatopancreatic epithelial cells for HPV and essentially all non-enteric tissues for IHHNV (Lightner & Redman, 1985; Lightner et al., 1983) . Hence, it was important to investigate HPV at the same level of comparative virology as was done for IHHNV.
We report here our results on the purification, ultrastructure and physico-chemical properties of this agent developing in P. chinensis.
Methods
Virus strain. Samples of juvenile P. chinensis originating from Korea, stored at -70 °C since 1992 (1 year storage), and classified as HPVpositive by routine histology , were used for this work.
Purification of the virus. Hepatopancreata from juvenile P. chinensis were removed from the gnathothoracies and homogeneized in TN buffer (0'02 M-Tris-HC1, 0.4 M-NaC1 pH 7.4) using a Potter tissue blender. The suspension was clarified by two centrifugation steps of 7000 and 13000 r.p.m, for 15 min each in a JS-13.1 Beckman rotor. The supernatant fluid was centrifuged at 28000 r.p.m, for 3 h in a SW28.1 Beckman rotor; the pellet was then resuspended in TN buffer and layered onto a 15~t0 % (w/w) sucrose gradient in TN buffer which was centrifuged at 28000 r.p.m, in a SW28.1 rotor for 2.75 h. Fractions 2 ml were collected with a Btichler Autodensiflow fraction collector and the A254 was recorded using an ISCO UA5 UV monitor. Fractions of interest were diluted in TN buffer and pelleted at 28 000 r.p.m, for 3.5 h in the SW28.1 rotor.
The resuspended pellets were then layered onto a preformed 2545 % (w/w) CsCI gradient in TN buffer and centrifuged at 28000 r.p.m, in a SW28.1 rotor for 18 h. The band corresponding to the virus was collected using the same method as that used for the sucrose gradient. It was diluted in buffer and virions were pelleted at 28 000 r.p.m, in the SW28.1 rotor for 3.5 h. The final pellet was resuspended in TN buffer and used for characterization and cloning. Buoyant density determination. We used a protocol identical to that described above, except that the CsC1 gradient was prepared using 0'1 x PBS (phosphate buffered-safine). Fractions of 1 ml were collected from the 25-45 % CsC1 gradient and the absorbances were recorded with the LrV monitor. The two first drops of every two fractions were recovered with a Pasteur pipette, and the density was determined by measuring the refractive index with an Abbe refractometer and plotting these values against the absorbance readings.
Electron microscopy. Purified particles were negatively stained on collodion-carbon coated grids with 2% sodium phosphotungstate (PTA) at pH 7'0, and observed with a transmission electron microscope (TEM), Hitachi HUI 1-C.
SDS-PAGE. SDS-polyacrylamide (10%, w/v) vertical gels in Laemmli (1970) buffer system were used according to a previously described protocol (Bonami et al., 1992) . The electrophoresis duration was 1.5 h at a constant current of 25 mA. BSA, egg albumin and trypsinogen (66, 45 kDa and 29 kDa, respectively) were used as molecular mass markers. Gels were stained with either Coomassie blue or silver (Morrissey, 1981) .
Nucleic acid extraction. The purified viral suspension in TN buffer was treated with proteinase K (50 gg/ml final concentration) for 1 h at 37 °C, and then with Sarkosyl (0-5 % final concentration) for 2 h at 45 °C. The viral DNA was extracted with phenol and chloroformisoamyl alcohol (24:1, v/v) and precipitated with absolute ethanol. The final pellet was washed with 70 % ethanol, air dried and resuspended in 0-1 x TE buffer (TE buffer: 10 mM-Tris-HC1, 1 mM-EDTA pH 8"0). DNA concentrations were estimated by relative ethidium bromide fluorescence using phage 2 DNA as a standard (Maniatis et at., 1982) .
Enzymes. Mung bean nuclease (MBN, Boehringer Mannheim) and
RNase A (Sigma) were used according to the manufacturers' instructions.
Agarose gel electrophoresis. Agarose gel electrophoresis was performed in 0"5 x TBE buffer (Sambrook et al., 1989) and bands were visualized under UV light with ethidium bromide (0"5 pg/ml) incorporated in the gel. Phage 2-HindlIl and 2-HindlII/EcoRI digests were used as molecular mass markers; DNA molecular mass markers II, digoxigeniu-tabelled (Boehringer Mannbeim) were used before Southern transfer.
Cloning of the genome and probe labelling. A 2-3 kbp portion (clone OF44) of the genome was cloned (Mari et al., 1995) and labelled using the Genius I kit (Boehringer Mannheim) according to the manufacturer's directions. Hybridization and detection after Southern transfer (Maniatis et al., 1982) were performed on positively charged nylon membranes (Boehringer Mannheim).
R e s u l t s
Purification and ultrastructure of HP V Using 25 × 89 mm tubes for the sucrose gradient and collecting 2-ml fractions, virus particles were recovered from fractions 7 and 8. In the CsC1 gradient the virus band, giving a sharp peak on the absorbance record ( Fig.  1) , corresponds to fractions 13, 14 and 15, with the summit of the peak located in fraction 14. Fractions containing purified virions did not show any contaminants (cell debris) when observed by TEM after negative staining. Complete virions were generally rounded, with a mean diameter of 22 nm (Fig. 2) . Some were obviously six-sided, indicating a probable icosahedral shape of the particles. Empty particles showed an electron dense centre, approximately 18 nm in diameter.
Buoyant density of the H P V
The buoyant density values, deduced from the refractive index measurements after isopycnic centrifugation in the CsC1 density gradient, were estimated to be 1.412-1.425 g/ml with a value of 1.417 for the summit of the peak (Fig. 1) .
SDS-PAGE of the virus
Only a single polypeptide was visible in the S D S -P A G E preparations after staining the gels with either Coomassie blue or silver (Fig. 3) . The band migrated to a position corresponding to 54 kDa when compared to the molecular mass markers used. A single band was an unexpected result. Therefore, we repeated this electrophoresis using a stronger dissociating buffer (adding 5 % fl-mercaptoethanol and 5 u-urea, final concentration in Laemmli buffer) and confirmed it was only a single band.
H P V nucleic acid electrophoresis
The nucleic acid extraction produced only a small amount of material, insufficient for a complete study by electrophoresis. Agarose gel electrophoresis of the ex- tracted HPV nucleic acid usually gave one band at about 4--4-3 kbp. It was possible to detect two distinct bands on some gels ( Fig. 4) : one very weak band was located at 5 kbp; the second and most evident, was diffuse and was located at 4--4.3 kbp, but varied in mobility as a function of the electrophoretic conditions. In this instance, the priority was to clone the D N A in order to prepare a molecular probe with which to carry out studies with the small quantities of D N A available. The OF44 plasmid, with an insert size of 2.3 kbp, was obtained by cloning HPV DNA. It was used to produce two probes, named A-1.9 and S-2.0, labelled with the digoxigenin-1 l d U T P (Marl et al., 1995) ; the S-2.0 and A-1.9 probes correspond to the 2 kbp-SacI restriction fragment and the 1"9 kbp-AccI fragment of plasmid OF44, respectively.
H P V DNA study by Southern transfer
Identical quantities of extracted HPV D N A were treated with either MBN or RNase A, or heated for 5 min at 100°C and rapidly chilled in an ice bath. After electrophoresis and Southern transfer, the nylon mem- brane was hybridized with the S-2.0 probe. Hybridization of the untreated HPV DNA showed a strong reaction with the 4~.3 kbp band and with all of the degraded smear present in the preparation (Fig. 5 ). The 5 kbp band was not visible and was probably masked by the smear background. After treatment with MBN, a small but well-defined band was observed at 5 kbp (Fig. 5) . The RNase-A digestion did not affect the band visible at 4--4-3 kbp. After boiling, its position was not modified, but it appeared more marked and prominent.
Discussion
HPV was recognized previously as a potential member of the family Parvoviridae (Lightner & Redman, 1985) , essentially by the nuclear location (associated with a strong Feulgen-positive reaction) and the size (reported to appear about 22 nm in thin sections) of the virions. Our results confirm the relationship of HPV with the parvoviruses. The size, shape, density and genomic DNA content of the virus correspond to those recognized for the Parvoviridae (Francki et al., 1991) . In agarose gel electrophoresis the extracted HPV DNA showed two distinct bands; a minor band at 5 kbp and a major band at 4-4-3 kbp. A similar result was described for another parvovirus of shrimp, IHHNV (Mari et al., 1993) .
The two bands obtained by gel electrophoresis of the extracted HPV DNA were characterized by Southern transfer using the S-2.0 probe constructed from the OF44 clone (Mari et al., 1995) . The RNase-A treatment did not affect the electrophoretic pattern of HPV DNA (extracted from purified virions) in comparison to untreated HPV DNA. The band at 4-4.3 kbp, which was sensitive to MBN and not affected by the heat treatment, appears to contain a ssDNA. We assume that this ssDNA band essentially represents the viral strand. Therefore, by convention in Parvoviridae (Franki et al., 1991) , we hypothesize that this ssDNA (viral strand) could represent the 'minus' strand, corresponding to the major nucleic acid strand encapsidated by the virus. The 5 kbp band was the only band resistant to MBN, and it therefore corresponds to a dsDNA formed by the reassociation of the viral ('minus' strand) and complementary strands. Because the 5 kbp band was much weaker than the 4~.3 kbp band, the 'plus' strand seems to be incorporated at a very low rate relative to the total ssDNA population when compared to the predominance of 'minus' strand. From these characteristics (genomic DNA size and strandedness), HPV appears to be more closely related to the genus Parvovirus than to the genus Densovirus, which characteristically includes viruses that encapsidate strands of both polarity at equal frequency (Barwise & Walker, 1970; Kelly et al., 1977; Nakagaki & Kawase, 1980; Chao et al., 1985) . The size of the band migrating at about 4-4.3 kbp, and corresponding to a ssDNA, was estimated using dsDNA molecular mass markers; therefore, its true size should be about 5 kb because the viral dsDNA migrated to 5 kbp.
The fact that HPV appeared to contain only a single polypeptide, 54 kDa in size, is very unusual in the Parvoviridae, where members have previously been reported to contain three (Parvovirus and Dependovirus) to four (Densovirus) potypeptides ranging from 60-90 kDa (Francki et al., 1991) . But at least two parvoviruses, Aleutian disease virus (ADV) (Berns, 1990) and Aedes densonucleosis virus (Afanasiev et al., 1991) , have been reported as containing only two coat proteins. We consider that the coding capacity necessary for a 54 kDa protein could represent about 29 % of the total HPV genome. According to the known genomic organization in the parvoviruses, we hypothesize that a large part of the rest of the genome could be involved in coding for non-structural proteins. However, we cannot exclude the possible presence of a minor structural protein not revealed by the method used here. Sequencing of the total genome would help to understand this problem.
HPV produces dense hypertrophied Feulgen-positive nuclei, as do the Densoviruses (Lightner et al., 1983) , and exhibits only one polypeptide, which to our knowledge has never been reported in the Parvoviridae. Although considered as a possible member of the insect parvovirus group (densovirus) by Francki et aL (1991) the first descriptions of this new virus show that, with the exception of its protein constitution, HPV possesses more of the characteristics of an autonomous vertebrate parvovirus (Berns & Labow, 1987; Francki et al., 1991) .
On the basis of some characteristics (essentially that the ' minus' or viral strand of the genomic ssDNA is the major encapsidated strand) HPV seems to be related to IHHNV, another unusual shrimp parvovirus recently characterized (Bonami et al., 1990; Mari et al., 1993) , but differs in its protein content, its location in the tissues and by the histological symptoms produced. However, no serological relationships or genomic homologies using the available probes (Mari et aL, 1993 (Mari et aL, , 1995 have been observed to date.
Two other parvoviruses have been reported in crabs and prawns. PC84 is found in the mediterranean crab Carcinus mediterraneus (Mari & Bonami, 1984) , but does not exhibit physico-chemical and histo-cytological properties close to those described here. The second is a parvo-like virus reported in the freshwater prawn Macrobrachium rosenbergii (Anderson et al., 1990) ; the histo-cytological signs and the location of the lesions appear close to those described for the HPV, but to our knowledge the latter agent has never been isolated, purified and further investigated.
